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Abstract We present two cases in which the diagnosis

was complicated by the presence of a weak muscle inner-

vated by a compressed motor root in the intervertebral

foramen (IVF) at an atypical level. The patients were 59-

and 53-year-old men; they presented with marked atrophy

and weakness predominantly in a unilateral deltoid. Neu-

roimaging revealed narrowing of the nerve root sleeve at

the C5/6 IVF due to a herniated disk or osteophyte.

Predominant atrophy and weakness of the deltoid were not

consistent with radiculopathy at the C5/6 IVF, i.e. C6

radiculopathy. During an extended observation period to

rule out motor neuron disease, their weakness did not

spread and the patients underwent posterior medial face-

tectomy and anterior foraminotomy. This produced marked

improvement of the deltoid weakness soon after the oper-

ation. We considered unexpectedly wide motor innervation

of the C6 nerve root predominantly in the deltoid, anatomic

variations in the C5 root such as the trunk of the C5 root

entering into the C5/6 IVF, and descending anastomoses

connecting the C5 and C6 rootlets as possible explanations.

Awareness of this rare presentation may aid in the diag-

nosis and surgical management of these patients.
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Introduction

Decompression surgery for vertebral degenerative disorders

is indicated when neurological findings of radiculopathy

and/or myelopathy are consistent with the location of the

lesion on neuroimages, and after motor neuron disease

(MND) has been ruled out in patients with pure motor palsy

[1, 2, 7, 13, 17]. However, in some cases the surgical

indication is occult due to inconsistent findings.

We present two cases in which a segmental diagnosis

was complicated by the sole presence of an atrophied

deltoid innervated by a compressed motor root and/or

rootlets at the C5/6 intervertebral foramen (IVF), a rare and

atypical causative level [4, 14].

Case reports

Case 1

This 59-year-old man with a history of paroxysmal

supraventricular tachycardia noticed difficulties when

moving his right arm to wash his hair or write on a

blackboard. The difficulties worsened over the next year

and he was referred to our institute.

Neurological examination disclosed marked atrophy in

the right deltoid (Fig. 1a) with sparing of the bulk of the

ipsilateral biceps and brachioradialis. No fasciculation was

observed. Manual muscle tests revealed 2/5 in the deltoid,

3/5 in the biceps and brachioradialis, 5/5 in the triceps, and

5/5 in the wrist and finger muscles. Deep tendon reflexes

were diminished in the right biceps, brachioradialis, and

triceps without pathological reflexes. His gait was normal

and no sensory disturbances were detected. Electromyo-

graphy revealed neurogenic patterns in the deltoid and

S. Shimizu (&) � T. Sagiuchi � M. Kurita � K. Fujii

Department of Neurosurgery,

Kitasato University School of Medicine, 1-15-1 Kitasato,

Sagamihara, Kanagawa 228-8555, Japan

e-mail: Satoru4756@aol.com

S. Tachibana

Department of Neurosurgery, Nishijima Hospital, 2835-7 Ooka,

Numazu, Shizuoka 410-0022, Japan

123

Eur Spine J (2008) 17 (Suppl 2):S338–S341

DOI 10.1007/s00586-008-0670-5



biceps on the right side. Magnetic resonance imaging

(MRI) showed slight cord compression at the C5/6 and C6/

7 intervertebral space; there was no cord compression or

intramedullary abnormality at C3/4 and C4/5, the levels of

the anterior horn of the C5- and C6 root. Narrowing of the

right root sleeve by a herniated disk was suspected at C5/6

(Fig. 1b). Indeed, computed tomography myelography

(CTM) confirmed narrowing of the right root sleeve at the

C5/6 IVF by a herniated disk (Fig. 1c). Among these

radiological findings, right root sleeve compression at the

C5/6 IVF was the most prominent, however, it did not

coincide with isolated atrophy of the deltoid. Because we

could not rule out early-stage MND and due to his poor

cardiac function, spinal decompression surgery was contra-

indicated. During an observation period of 3 years, his

symptoms remained stable and the weakness did not

spread. After informing the patient that the effectiveness of

root decompression at the C5/6 IVF might be minimal, he

underwent right posterior medial facetectomy at the C5/6

level (Fig. 1d). His symptoms were markedly improved on

the morning following surgery and he was able to use his

right arm as a pillow for his head. At 1 year after the

operation, he had recovered right arm abduction and

elevation; on manual muscle testing the result was 4/5.

Electromyography and motor nerve conduction studies

performed 2 years after the operation yielded evidence of

an ongoing recovery process in the deltoid. This was

confirmed by the appearance of a few normal units and

marked improvement in the amplitude from a preoperative

value of 0.7–10.9 mV.

Case 2

This 53-year-old man with no relevant medical history

began noticing difficulties upon raising his left arm that

progressed during the next 6 months and he was referred to

our institute.

Neurological examination showed marked atrophy in

the left deltoid with sparing of the ipsilateral bulk of the

biceps and brachioradialis. No fasciculation was observed.

Manual muscle testing revealed 2/5 in the deltoid, 3/5 in

the biceps and brachioradialis, 5/5 in the triceps, and 5/5

in the wrist and finger muscles. Deep tendon reflexes

were diminished in the left biceps and brachioradialis

without pathological reflexes. His gait was normal and no

sensory disturbances were observed. MRI showed bulging

of the intervertebral disks at C4/5, C5/6, and C6/7. There

was no evidence of cord compression or intramedullary

abnormality at C3/4 and C4/5, the levels of the anterior

horn of the C5- and C6 root. Suspected narrowing of the

left root sleeve by a herniated disk at C5/6 (Fig. 2a) was

confirmed by CTM that showed narrowing of the left root

Fig. 1 a Photograph showing

marked atrophy of the right

deltoid (arrow) and incomplete

abduction of the right arm.

b Magnetic resonance image

showing slight ventral and

dorsal compression of the cord

at the C5/6 and C6/7

intervertebral space. There is no

cord compression or

intramedullary abnormality at

C3/4 and C4/5. Narrowing of

the right root sleeve by a

herniated disk is suspected at

C5/6 (arrow). c Pre- and d post-

operative computed tomography

myelogram at the C5/6 level.

Narrowing of the right root

sleeve by a herniated disk

(arrow) was relieved by medial

facetectomy
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sleeve at the C5/6 IVF by an osteophyte and herniated

disk (Fig. 2b).

Although spinal root compression at the C5/6 IVF did

not coincide with isolated atrophy of the deltoid, based on

our experience with Case 1 we considered decompression

surgery to be indicated. He underwent left anterior for-

aminotomy at C5/6 6 months post-onset (Fig. 2c) and his

symptoms improved gradually. At 8 months after the

operation he had fairly recovered left arm abduction and

elevation; at manual muscle testing he scored 4/5.

Discussion

Diagnostic indices in our patients were a weakened deltoid

predominantly innervated by a compressed nerve root at

the C5/6 IVF. This was confirmed by our operative and

electrophysiological results. Although the deltoid can be

weakened by anterior horn impingement [14], the absence

of cord compression or intramedullary abnormalities at C3/

4 and C4/5, the levels of the anterior horn of the C5- and

C6 root, precluded this pathology.

As the predominant innervation of each muscle in the

shoulder and upper extremity is known, muscles with

severe weakness suggest an affected nerve root. For

example, if weakness is more severe in the deltoid than the

biceps, this suggests disturbance of the C5 nerve root.

Greater weakness of the biceps than the deltoid, on the

other hand, is suggestive of C6 nerve root disturbance [3,

18]. Electrophysiological findings during neurotization of

the brachial plexus support this anatomical rule. The

evoked muscle amplitude potential in each muscle obtained

by electric stimulation of nerve roots from C5 to T1

confirmed that the predominant innervating roots of the

deltoid and biceps were the C5 and C6 nerve roots,

respectively [5].

Our patients presented with more severe atrophy of the

deltoid than biceps. We considered these findings incom-

patible with the typical presentation of nerve root

compression at the C5/6 IVF as the C6 nerve root passes

the C5/6 IVF. According to Shinomiya et al. [14], neuro-

radiologic and intraoperative electrophysiologic study of

cervical spondylotic amyotrophy of the deltoid showed that

radiculopathy at the C5/6 IVF, i.e. compression of the C6

nerve root as the sole lesion, is a rare causative lesion

(20%) [14]. Another clinical study of monoradicular

symptoms revealed no weakness of the deltoid in patients

with C6 radiculopathy; weakness of the muscle, on the

other hand, was associated with C5 radiculopathy [3].

The MND may initially present with focal weakness

involving a single muscle group; this is also suggestive of

radiculopathy. In addition, as no specific diagnostic pro-

cedure confirms or excludes the possibility of MND [1, 2,

15] and radiological studies commonly depict spinal

degenerative disease in asymptomatic individuals older

than 50 years, an age that coincides with the onset of MND

[6, 11, 16], spinal decompression surgery for vertebral

degenerative disease is sometimes erroneously performed

in patients who are later diagnosed with MND [1, 2, 13,

17]. These considerations led us to postpone surgery and to

place the patients under prolonged observation to rule out

MND. As their muscle weakness failed to spread, and

based on favorable outcomes obtained with decompression

surgery in patients with deltoid paralysis due to radicu-

lopathy at C5/6 [4, 14], we proceeded to perform

decompression of the affected nerve root at the C5/6 IVF.

Fig. 2 a Magnetic resonance

image showing bulging of the

intervertebral disk at C4/5,

C5/6, and C6/7. There is no cord

compression or intramedullary

abnormality at C3/4 and C4/5.

Narrowing of the left root sleeve

by a herniated disk is suspected

at C5/6 (arrow). b Pre- and

c postoperative computed

tomography myelogram at the

C5/6 level. Narrowing of the

left root sleeve by an osteophyte

and herniated disk (arrow) was

relieved by anterior

foraminotomy

S340 Eur Spine J (2008) 17 (Suppl 2):S338–S341

123



We considered unexpectedly wide motor innervation of

the C6 nerve root predominantly in the deltoid, and ana-

tomic variations of the C5 root to explain the atypical

clinical manifestations in our patients. A possible anatomic

variation, in which a narrow C5/6 IVF affects the C5 root,

is entry of the trunk of the C5 root into the C5/6 IVF. This

variation has been reported in a different segment, i.e. the

C6 root entering into the C6/7 IVF [12]. Alternatively,

there may be intradural prominent descending anastomoses

connecting the C5 and C6 rootlets (Fig. 3). Adjacent ven-

tral spinal rootlets may be interconnected by several types

of anastomoses [10], i.e. a fiber from the lowermost rootlet

uniting with the peripheral portion of the uppermost rootlet

of the next lower segment, a fiber from the central portion

of the uppermost rootlet connecting with the peripheral

region of the lowermost rootlet of the nearest upper seg-

ment, a fiber between ventral roots exiting the cord at a

point where the segmental border bifurcates and joins each

rootlet of the upper and lower segments, and a fiber that

interconnects neighboring rootlets and courses parallel to

the cord. No anastomosis extends more than one level

above or below. Among anastomoses in the ventral root-

lets, those between C5 and C6 (the sites of interest in the

present study) are the most frequent; they range from 9.3 to

81.3% [8–10]. In our patients, neither variation was doc-

umented on neuroimaging studies or at surgery and it

remains unclear why isolated atrophy of the deltoid was

caused in both cases by a compressed motor root and/or

rootlets at the C5/6 IVF.

In conclusion, awareness of the rare presentations we

encountered may make it possible to reach a correct

diagnosis early and may facilitate treatment planning. In

the future, higher-resonance neuroimaging studies may

depict the anatomic reason underlying this phenomenon.
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Fig. 3 Diagram proposing anatomical features that may result in C5

nerve root radiculopathy originating at the C5/6 IVF. Note the

prominent descending anastomosis connecting the C5 and C6 rootlets

(arrow) that contain the main fiber of the C5 root (a), and the trunk of

the C5 root entering the C5/6 IVF without entering the normal course

of the C4/5 IVF (b)
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